Abstract-In this paper, a new spatial method has been implemented for the efficient calculation of the mixed potential Green's functions associated to electrical sources, when they are placed inside arbitrarily-shaped cylindrical cavities. The technique consists of placing electric dipole images and charges outside the cavity, imposing, at discrete points of the metallic wall, the appropriate boundary conditions for the potentials. Results show that the numerical convergence is attained fast. The cut-off frequencies and potential patterns for a trapezium-shaped waveguide are compared to those obtained by a standard finite elements technique, showing excellent agreement. Furthermore, a printed planar filter shielded in a square cavity has been analyzed with the new Green's functions, showing the practical value of the new theory.
I. INTRODUCTION
The interest in studying techniques which allow for the prediction of the electrical behavior of shielded printed circuits and cavity backed antennas has increased in the last years. This is because of the increasing popularity of these devices for use in practical communication systems [1] . For the analysis of these components, the integral equation technique has grown in popularity due to its efficiency, and to the capability to push to a maximum the analytical features of the problem [2] .
The formulation of the integral equation requires an algorithm which leads to the computation of the electromagnetic scalar and vector potentials of the problem, under point source excitations (i.e. the so called mixed potentials Green's functions). For the calculation of the Green's functions, only the rectangular enclosure has been extensively treated in the past ( [3] ). One possibility is to express the Green's functions in terms of spectral domain slowly convergent series of vector modal functions ( [4] ). However, spatial domain formulations can also be used to compute the Green's functions, expressing them as slow convergent series of spatial images ([5] ).
On the other hand, a new spatial domain method for the Green's function computation inside circular cylindrical cavities was recently proposed in [6] and in [7] . The technique uses image theory to enforce the proper boundary conditions for the fields. However, the Green's functions formulation inside arbitrarily shaped cavities has never been treated in the past, and one has to resort to pure numerical techniques, such as finite elements or finite differences, to treat this kind of problems.
In this context, an extension of the original image theory proposed in [6] 
II. THEORY
A trapezium-shaped cylindrical metallic cavity is depicted in Fig. 1 in order to introduce the spatial images mixed potential Green's functions formulation, without lack of generality.
For the electric scalar potential we should impose null potential on the cavity wall. If the boundary condition is imposed at only one point, then only one charge image will be used; this situation is shown in Fig. 1 . The idea is to impose the boundary conditions at N points on the cavity wall, using N charge images placed outside the cavity. The key point of the procedure is to evaluate numerically the value of the N charges so that the boundary conditions for the electric scalar potential are satisfied at the N tangent points. The following system of linear equations Image charge arrangement used to enforce the boundary conditions for the electric scalar potential along the cylindrical wall. Point P is a generic observation point.
where all position vectors are shown in Fig. 1 , and Gv (r, r') is the potential Green's function of a unit point charge in free-space. Real cavities, including dielectric layers, can also be studied using the multilayered media spatial domain Green's functions, obtained through Sommerfeld integrals [8] .
The solution of this system provides the complex values of the N-images charges (qk) needed to satisfy the potential boundary conditions at N-different points on the wall. The final electric scalar potential Green's function inside the cavity is evaluated by reusing the already computed charge amplitudes:
For the evaluation of the magnetic vector potential dyadic Green's function, a similar procedure is followed. We recall that the final boundary condition to impose is the zero tangent component of the electric field on the cavity wall. This condition leads to two different conditions for the magnetic vector potential:
Where en is the unit vector normal to the wall (see Fig. 2 ). If the first equation is satisfied, the second is simplified, working in rectangular coordinates, to a single condition involving the magnetic vector potential normal component, as follows:
Considering a unit dipole oriented along the x-axis, the utilization of two orthogonally oriented electric dipole images is proposed in order to impose both conditions at one point of the cylindrical wall (see Fig. 2 ). This procedure can now be generalized, to impose the right boundary conditions at N-points along the cavity wall. In It is worth mentioning that all the equations are independent on the geometry of the waveguide, because a specific coordinates system is not used, and a fixed location of the images and the tangent points is not assumed. The selection of the tangent points and the distribution of the images surrounding the geometry is also important for the convergence of the algorithm. Since the proposed formulation pretends to be useful for arbitrarily geometries, the situation of the images will vary depending on the waveguide shape.
As already said, the spatial images technique can easily be extended to consider a multilayered medium. This can be done by replacing the free-space Green's functions with the multilayered media Green's functions formulated in the spatial domain through the well known Sommerfeld tranformation [8] . This allows to impose automatically the boundary conditions at the top and the bottom covers, and to take into account for the presence of dielectric layers [6] .
III. RESULTS
In order to analyze the trapezium-shaped cavity presented in Fig. 1 as a real three-dimensional enclosure, the cavity height (z-axis in Fig. 3 ) is taken as 0.4A. In this case, 31 images are used to enforce the boundary conditions on the wall of the trapezium-shaped cavity, as shown in Fig. 3 . To obtain the resonances of the cavity, the potentials are represented as a function of frequency for a fixed position of source and observation points (see Fig. 3 ). Resonant frequencies can be clearly observed in Fig. 4 , corresponding to sharp peaks in the response. The technique developed can also be used for the analysis of practical printed circuits shielded in arbitrarilyshaped enclosures. A shielded band-pass filter based on coupled lines sections inside a square box is presented in Fig. 7 
